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DESCRIPTION 



ELECTRON EMISSION DEVICE HAVING CLEANING FUNCTION 

5 TECHNICAL FIELD 

The present invention relates to an electron emission device for 
emitting electrons using an electron emitter that includes a 
semiconductor layer. More specifically, the present invention relates 
to an electron emission device capable of cleaning fine particles 
10 attached to a surface of an electron emitter when operating at 
atmospheric pressure to charge an object. 

The electron emission device according to the present invention 
is applicable to an electron emission device used for charging a 
photoconductor of an apparatus, e.g., a laser printer or a digital copying 
15 machine, which employs electrophotography. 

BACKGROUND ART 

As a conventional cold cathode electron emitter, there are known 
a Spindt type electrode, a carbon nanotube (CNT) electrode, and the like. 
20 Application of these electron emitters to the field of field emission 

display (FED) has been considered. Each of these electron emitters 
applies a voltage to an acute portion to develop a strong electric field of 
about 1 GV/m, and emits electrons by a tunneling current. 

As an example of an idea of causing such an electron emitter to 
25 operate in the air, thereby applying the emitter to a charger or an 
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electrostatic latent image forming apparatus, a method for forming an 
electrostatic latent image by causing a Spindt cold cathode to operate in 
the air, emitting electrons into the air, and ionizing gas molecules to 
generate ions serving as charged particles is disclosed in, for example, 
5 Japanese Unexamined Patent Application No. Hei 6-255168 (1994). 

In addition, the result of a study of causing a carbon nanotube to 
operate in the air is reported in "Japan Hardcopy 97 papers", page 221, 
the Imaging Society of Japan. Herein, there is suggested a probability 
of the carbon nanotube as a charger for electrophotography or an 

10 electron beam source for forming an electrostatic latent image. 

Generally, in an electrophotographic process, a surface of a 
photoconductor is uniformly charged, the surface of the 
photoconductor is selectively exposed in correspondence with an image 
to be formed, an exposed portion of the photoconductor is made 

15 conductive to thereby discharge charges, and charges or so-called 
electrostatic latent images arranged on the surface of the 
photoconductor in correspondence with the images are formed. 
Thereafter, the photoconductor is passed through a developing section 
having a developing sleeve that rotates while carrying charged toners on 

20 its surface and that is arranged to oppose the surface of the 

photoconductor, thereby selectively attaching the toners onto the 
surface of the photoconductor. A transfer section transfers the 
attached toners onto a sheet of paper. Thereafter, the photoconductor 
is passed through a charge elimination section that eliminates charges 

25 from the photoconductor by irradiating the photoconductor with light. 



2 



The photoconductor is further passed through a cleaning section that 
mechanically eliminates residual toners and paper particles attached 
onto the surface of the photoconductor, and then charged again for next 
imaging. The charger that uniformly charges the photoconductor is 
5 therefore indispensable to the electrophotographic process. 

However, each of these two electron emitters generates the 
strong electric field in the vicinity of the surface of an electron emitting 
section as described above. Consequently, the emitted electrons are 
given strong energy by the electric field, and collide against gas 
10 molecules to ionize the gas molecules. 

Positive ions generated as a result of ionization of the gas 
molecules are accelerated in an emitter surface direction by the strong 
electric field, collide against one another, and cause emitter breakdown 
by sputtering. 

15 As another conventional example of the cold cathode electron 

emitter, there are known metal insulator metal (MIM) and metal 
insulator semiconductor (MIS) electron emitters. 

Each of these electron emitters is a surface emitter that 
accelerates electrons using a strong electric field (internal electric field) 

20 generated on an insulating film layer within an emitter, and emits 
electrons from a flat surface of the emitter. Since the electrons 
accelerated within the emitter are emitted, it is unnecessary to generate 
a strong electric field outside the emitter. Accordingly, these emitters 
are free from the problem of the emitter breakdown by sputtering due to 

25 ionization of gas molecules differently from the Spindt and CNT type 
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electrodes. 

However, the MIM and MIS cold cathode electron emitters have 
the following problem. If the MIM or MIS cold cathode electron emitter 
is caused to operate in the air, then fine particles such as dust are 
5 attached onto the surface of the emitter, and the surface is covered with 
the attached fine particles, thereby shielding electrons and reducing 
electron emission current. 

As still another conventional example of the electron emitter, 
MIS electron emitters each of which accelerates electrons injected into a 
10 porous silicon substrate by an electric field, which passes the 

accelerated electrons through a surface metal thin film by a tunneling 
effect, and which emits the electrons into a vacuum space using a 
quantization size effect of a porous semiconductor (e.g. , porous silicon) 
generated by a semiconductor anodic oxidation treatment are disclosed 
15 in, for example, Japanese Unexamined Patent Application No. Hei 
8-250766 (1996) and "Materials Research Society Symposium 
Proceeding" Vol. 638. 

Each of these MIS electron emitters emit the electrons 
accelerated by the strong electric field within the emitter similarly to the 
20 above-described MIM and MIS cold cathode electron emitters. It is 
therefore unnecessary to generate a strong electric field outside the 
emitter and the emitter is free from the problem of the emitter 
breakdown by the sputtering due to ionization of gas molecules. 

Moreover, the cold cathode electron emitter using the porous 
25 silicon semiconductor can be advantageously manufactured by quite a 
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simple and inexpensive fabrication method of anodic oxidation. 

However, these conventional cold cathode electron emitters 
operated in the air have the following problem. Since fine particles 
such as dust are attached onto the surface of the emitter and the 
5 attached fine particles shield electrons, the electron emission current is 
reduced. 

Generally, the surface of the MIM or MIS cold cathode electron 
emitter that accelerates electrons by the internal electric field generated 
within the emitter also functions as an upper electrode that generates 

10 the electric field within the emitter. Consequently, the surface is made 
of a metal thin film so that the electrons accelerated by the internal 
electric field can be emitted into the external space while the electrons 
tunnel through the metal thin film. If the metal thin film is thinner, it 
is easier for the accelerated electrons to tunnel through the metal thin 

15 film. This can increase a tunneling probability and a quantity of 
emitted electrons. 

A thickness of the metal thin film that functions as both the 
upper electrode for generating the internal electric field and the thin film 
electrode for emitting the accelerated electrons is preferably several 

20 nanometers to several tens of nanometers (nm). Japanese 

Unexamined Patent Application No. Hei 8-250766 (1996) discloses that 
the thickness of the metal thin film is, for example, 15 nm. 

If the fine particles such as dust are attached onto the surface of 
this upper electrode (metal thin film), electrons cannot be emitted. It is 

25 therefore necessary to eliminate the attached dust. In order to 
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eliminate the dust, a contact type dust elimination method for sweeping 
off the dust on the surface of the upper electrode (metal thin film) using 
a cleaning member is normally used. However, the contact type dust 
elimination method using such a cleaning member has the following 
5 problem. If the metal thin film is not treated carefully, the metal thin 
film is damaged or, in the worst case, peeled off by friction and stress 
generated while the dust are being swept off. 

As another measures against attachment of dust while the MIM 
or MIS electron emitter is caused to operate in the air, a method using 

10 gas introduction means and a particle filter for preventing fine particles 
from being attached onto the surface of the emitter is disclosed in, for 
example, Japanese Unexamined Patent Application No. 2001-313151. 

However, because of use an air current, this method has 
problems of low ion utilization efficiency and complicated mechanism. 

15 As described above, the conventional electron emitters are 

confronted with the problem of the emitter breakdown by the sputtering 
if the electrons are accelerated in the external space using the external 
electric field. In addition, the conventional electron emitters are 
confronted with the problem of a reduction in electron emission current 

20 resulting from the attachment of dust onto the surface of the electrode if 
the electrons are accelerated using the internal electric field within the 
emitter. Besides, the cleaning method for wiping off the metal thin film 
electrode on the surface of the emitter so as to eliminate the dust may 
possibly damage the metal thin film. Thus, if one of these conventional 

25 electron emitters is applied to an electron emission device, e.g., a laser 
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printer or a digital copying machine, used for charging the 
photoconductor thereof in the air as it is, the problems of sputtering of 
the upper electrode itself and the attachment of dust onto the upper 
electrode occur. They disadvantageously make it difficult to use the 
5 electron emission device for a long period of time. 

Thus, the present invention aims to solve the problem of 
attachment of dust when an electron emitter is caused to operate at an 
atmospheric pressure. The present invention also aims to provide an 
electron emission device, an electron emitter cleaning device, and an 
10 electron emitter cleaning method capable of stably performing charging 
and electrostatic latent image formation. 

DISCLOSURE OF THE INVENTION 

An electron emission device according to the present invention 

15 achieved to solve the conventional problems comprises: an electron 
emitter that includes a lower electrode, an upper electrode made of a 
thin film, and a semiconductor layer formed between the lower electrode 
and the upper electrode, a surface of the upper electrode exposed to an 
external space; a counter electrode that is provided to oppose the upper 

20 electrode across the external space; a fine particle charging voltage 

control section that applies an electron emitting voltage for accelerating 
electrons in the semiconductor layer, passing the electrons through the 
upper electrode, and emitting the electrons to the external space, or a 
voltage for charging fine particles attached to the surface of the upper 

25 electrode between the upper electrode and the lower electrode; and a 
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flying voltage control section that applies, between the upper electrode 
and the counter electrode, a voltage for allowing the charged fine 
particles to fly from the surface of the upper electrode to the counter 
electrode. 

5 According to this configuration, the fine particle charging voltage 

control section applies the voltage between the upper electrode and the 
lower electrode, whereby the internal electric field is generated in the 
semiconductor layer. The electrons are thereby accelerated, and the 
accelerated electrons are passed through the upper electrode made of 
10 the metal thin film by the tunneling effect and fly out to the space. 
Thus, the normal function as the electron emitter is exhibited. 

At this time, if the fine particles attached to the surface of the 
upper electrode are present, the electrons charge the attached fine 
particles. 

15 The flying voltage control section applies the voltage for allowing 

the charged fine particles to fly from the surface of the upper electrode 
to the counter electrode, between the upper electrode and the counter 
electrode. The charged fine particles are thereby electrostatically 
attracted toward the counter electrode. 

20 Therefore, by charging the attached fine particles to eliminate 

them from the surface of the electrode by the fine particle charging 
voltage control section and the flying voltage control section using this 
characteristic if necessary, the fine particles on the metal thin film on 
the surface of the electron emitter can be cleaned in a non-contact 

25 manner. In addition, the problem of damaging and peeling off the 



metal thin film due to the friction and stress during the cleaning can be 
avoided. 

As the lower electrode, an n type silicon substrate having an 
ohmic electrode (back surface electrode) formed on its back surface (in 
which case the ohmic electrode and the n type silicon substrate 
function as the lower electrode), or an electrode formed on a glass 
substrate can be employed. 

A material for the electrode is preferably metal. However, the 
material for the electrode is not limited to a specific one as long as the 
material is excellent in conduction and may be a metal oxide or the like. 

Further, a material for the upper electrode made of the thin film 
is preferably gold. Alternatively, metal such as aluminum, tungsten, 
nickel, platinum, chromium or titanium or a metal oxide such as ITO 
may be used. A thickness of the metal thin film is preferably several to 
several tens of nanometers so that the accelerated electrons can fly out 
by the tunneling effect. 

As for the semiconductor layer formed between the lower 
electrode and the upper electrode, it is necessary to generate the 
internal electric field in the semiconductor layer to accelerate the 
electrons when the voltage is applied between the lower electrode and 
the upper electrode. 

Such a semiconductor layer is preferably, for example, an 
undoped porous poly silicon semiconductor layer. 

The counter electrode is fixedly arranged to oppose the upper 
electrode across an interval (external space). In order to prevent the 
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positional relationship between the counter electrode and the upper 
electrode from varying, the counter electrode is formed out of a rigid 
material such as a metal plate. 

The counter electrode is not always provided separately as an 
5 electrode dedicated to the electron emission device. If the electron 

emission device is used for, for example, charging the photoconductor of 
the apparatus employing electrophotography, the photoconductor 
arranged to oppose the upper electrode may be also used as the counter 
electrode if necessary. 
10 Further, the fine particle charging voltage control section and 

the flying voltage control section can employ constant-voltage power 
sources an output voltage of each of which can be set to a desired value, 
respectively. 

With the above-described configuration, a semiconductive layer 
15 or an insulating layer may be formed on a surface of the counter 
electrode. 

If the fine particles attached to the surface of the electron emitter 
are insulating fine particles, the attached fine particles that are 
negatively charged by causing the fine particle charging voltage control 

20 section to operate are attracted toward the external electric field 

generated by causing the flying voltage control section to operate and 
moved to the counter electrode. After being moved to the counter 
electrode, the fine particles are held on the counter electrode 
irrespective of the conduction of the surface of the counter electrode. 

25 In this case, no problem occurs since the fine particles are held thereon. 
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However, if the attached fine particles are semiconductive or 
conductive and the surface of the counter electrode is conductive, the 
following disadvantages occur. Positive charges are injected into the 
charged fine particles moved to the counter electrode, and the fine 
5 particles positively charged by the injected charges are moved toward 
the surface of the electron emitter again by the same external electric 
field. 

Therefore, the surface of the counter electrode may be formed 
from the semiconductive or insulating material, whereby the injection of 
10 the positive charges into the conductive or semiconductive fine particles 
moved to the counter electrode can be prevented. It is therefore 
possible to prevent the fine particles from being moved again toward the 
surface of the electron emitter. 

The flying voltage control section may apply a pulsed voltage so 
15 that the counter electrode has a positive potential relative to the upper 
electrode. 

According to this configuration, the fine particles attached to the 
surface of the upper electrode of the electron emitter are negatively 
charged by driving the fine particle charging voltage control section. 

20 By applying the positive voltage to the counter electrode by driving the 
flying voltage control section, the attached fine particles are 
electrostatically attracted to the counter electrode. At this time, by 
applying the pulsed voltage to the counter electrode, an electrostatic 
attractive force is generated so as to apply an impact to the charged fine 

25 particles. As a result, the charged fine particles are easily separated 
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from the surface, and the fine particles can be efficiently eliminated. 

If the pulsed voltage is applied by repeating a pulsed voltage 
waveform a plurality of times, a plurality of impact forces are applied to 
the fine particles, whereby the fine particles can be eliminated more 
5 efficiently. 

The flying voltage control section may operate a control to apply 
the voltage having a first voltage value to the external space between the 
upper electrode and the counter electrode. After the fine particle 
charging voltage control section applies a predetermined voltage 

10 between the upper electrode and the lower electrode to charge the fine 
particles attached to the surface of the upper electrode, the flying 
voltage control section may operate a control to apply the voltage having 
a second voltage value higher than the first voltage value, the second 
voltage value having such a magnitude that allows the charged fine 

15 particles to fly from the upper electrode to the counter electrode and 
that atmospheric discharge does not occur, and the fine particle 
charging voltage control section may operate a control to either apply a 
voltage having an opposite polarity to a polarity of the electron emitting 
voltage or apply no voltage between the upper electrode and the lower 

20 electrode, thereby allowing the charged fine particles to fly from the 
surface of the upper electrode to the counter electrode. 

"Flying the fine particles from the surface of the upper electrode 
to the counter electrode* means eliminating the fine particles attached 
to the surface of the upper electrode from the electron emitter and 

25 cleaning them. The fine particles attached onto the upper electrode 
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include dust such as toners and paper particles. 

According to this configuration, a weak positive potential is 
applied to the external space between the counter electrode and the 
upper electrode when the electron emitter is driven to operate and the 
5 fine particle charging voltage control section charges the attached fine 
particles, thereby suppressing the counter electrode from being 
excessively negatively charged up. When the attached fine particles 
are caused to fly, the voltage opposite in polarity to the electron emitting 
voltage is applied between the upper electrode and the lower electrode 

10 or no voltage is applied therebetween. The electron emission is thereby 
stopped, a state in which the atmospheric discharge hardly occurs in 
the external space is set, and the charged fine particles are separated 
from the upper electrode. 

Alternatively, the flying voltage control section may be 

15 constructed to be capable of setting the polarity of the voltage applied 
between the upper electrode and the counter electrode to either positive 
or negative. 

The flying voltage control section may operate a control to apply 
the voltage having a second voltage value higher than the first voltage 
20 value, the second voltage value having such a magnitude that allows the 
charged fine particles to fly from the upper electrode to the counter 
electrode and atmospheric discharge does not occur. 

The fine particle charging voltage control section may operate a 
control to either apply a voltage having an opposite polarity to a polarity 
25 of the electron emitting voltage or apply no voltage between the upper 
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electrode and the lower electrode, thereby allowing the charged fine 
particles to fly from the surface of the upper electrode to the counter 
electrode. 

According to this configuration, if the fine particles attached to 
5 the surface of the electron emitter are insulating fine particles that are 
negatively charged, the fine particles are eliminated by applying the 
positive voltage to the counter electrode to thereby generate the 
electrostatic attractive force. If the fine particles attached to the 
surface of the electron emitter are insulating fine particles that are 

10 positively charged, the fine particles are eliminated by applying the 
negative voltage to the counter electrode to thereby generate the 
electrostatic attractive force. If the fine particles attached to the 
surface of the electron emitter are conductive fine particles and the 
positive voltage is applied to the counter electrode, the fine particles are 

15 negatively charged by the induction charging and eliminated by the 
electrostatic attractive force. If the fine particles attached to the 
surface of the electron emitter are conductive fine particles and the 
negative voltage is applied to the counter electrode, the fine particles are 
positively charged by the induction charging and eliminated by the 

20 electrostatic attractive force. As described above, whether the fine 
particles are insulating fine particles or conductive fine particles, the 
electrostatic attractive force effectively acts on the fine particles having 
various electric characteristics and the fine particles are moved from the 
upper electrode to the counter electrode. The fine particles can be 

25 thereby eliminated. 
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Further, after the fine particles are moved to the counter 
electrode, it is possible to prevent positive or negative charges from 
being injected into the conductive or semiconductive fine particles 
moved to the counter electrode if the surface of the counter electrode is 
5 formed from the semiconductive or insulating material. It is therefore 
possible to prevent the fine particles from being moved and returned 
again to the surface of the electron emitter. 

In this case, it is desirable that the semiconductor layer is a 
porous silicon semiconductor layer obtained by making part of or all of 
10 polysilicon porous. 

The electron emitter formed by making the polysilicon film 
porous has improved thermal stability, so that the electron emitter can 
perform the stable electron emitting operation even in the vacuum or 
the air. 

15 Further, the electrons are emitted from a polysilicon grain 

boundary. Consequently, the fine particles attached to the surface of 
the metal thin film are turned into a non-uniform charged state, a 
moment force acts on the fine particles by the external electric field, and 
cleaning performance can be enhanced. 

20 The flying voltage control section may apply a voltage between 

the upper electrode and the counter electrode when the electrons are 
not emitted from the elevtron emitter so that the surface of the upper 
electrode of the electron emitter is negative. 

According to this configuration, the external electric field is 

25 applied such that the upper electrode on the surface of the electron 

15 



emitter is negative when the electron emitter does not operate, whereby 
the attachment of the insulating fine particles having strong negative 
charges, which are difficult to clean, from being attached to the surface 
of the electron emitter. The long life of the electron emitter can be 
5 thereby ensured. 

The electron emission device may be used for a laser printer or a 
digital copying machine. 

According to another aspect of the present invention, there is 
provided an electron emitter cleaning device for eliminating fine 

10 particles attached to a surface of an upper electrode made of a thin film 
of a surface emission type electron emitter that emits electrons from the 
surface of the upper electrode. Herein, the electron emitter cleaning 
device comprises: a counter electrode that is provided to oppose the 
surface of the upper electrode across an external space; a fine particle 

15 charging voltage control section that drives the electron emitter to apply 
a voltage for charging fine particles attached to the surface of the upper 
electrode; and a flying voltage control section that applies, between the 
upper electrode and the counter electrode, a voltage for allowing the 
charged fine particles to fly from the surface of the upper electrode to 

20 the counter electrode. 

In this case, the surface emission type electron emitter may 
include a lower electrode, the upper electrode made of the thin film, and 
a semiconductor layer formed between the lower electrode and the 
upper electrode. The fine particle charging control section may apply 

25 the voltage for charging the fine particles between the upper electrode 
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and the lower electrode. 

According to still another aspect of the present invention, there 
is provided an electron emitter cleaning method for eliminating fine 
particles attached to a surface of an upper electrode of a surface 
5 emission type electron emitter that emits electrons from the surface of 
the upper electrode made of a metal thin film. Herein, the electron 
emitter cleaning method comprises the steps of: providing a counter 
electrode to oppose the surface of the upper electrode across the 
external space; driving the electron emitter to thereby charge the fine 
10 particles attached to the surface of the upper electrode; and applying, 
between the upper electrode and the counter electrode, a voltage for 
allowing the charged fine particles to fly from the surface of the upper 
electrode to the counter electrode. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a configuration of an electron emitter used in an 
electron emission device according to one embodiment of the present 
invention. 

Fig. 2 depicts a configuration of another electron emitter used in 
20 the electron emission device according to one embodiment of the 
present invention. 

Fig. 3 depicts a configuration of the electron emission device 
according to one embodiment of the present invention. 

Fig. 4 explains a state of driving the electron emission device 
25 according to one embodiment of the present invention. 
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Fig. 5 depicts a measurement result of a current-to-voltage 
characteristic of the electron emitter according to the present invention. 

Fig. 6 explains a photoconductor charging experiment during an 
electrophotographic process. 

Fig. 7 explains a result of calculating the relationship between 
an image force Fi and an electrostatic force Fe generated by an external 
electric field. 

Fig. 8 depicts a configuration of an electron emission device 
according to another embodiment of the present invention; 

Fig. 9 explains induction charging of conductive particles. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will be described 
hereinafter with reference to the drawings. A structure of an electron 
emitter (main body) to which the present invention can be applied will 
first be described, and a structure of an electron emission device or an 
electron emitter cleaning device using this electron emission device will 
next be described. 
Structure of Electron Emitter 

Fig. 1 depicts a configuration of one embodiment of an electron 
emitter to which the present invention can be applied. 

This electron emitter 1 is configured so that a porous polysilicon 
film 4 (semiconductor layer) is formed on an n type silicon substrate 3 
having an ohmic electrode (back surface electrode) 2a formed thereon 
(in which case the ohmic electrode 2a and the n type silicon substrate 3 
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function as a lower electrode 2), and so that a gold electrode thin film 
functioning as an upper electrode 5 is formed on a surface of the porous 
polysilicon film 4. The ohmic electrode 2a and the n type silicon 
substrate 3 are connected to each other so as to form an ohmic contact 
5 therebetween. 

The n type silicon substrate 3 acts not only as an electrode for 
injecting electrons into the porous polysilicon layer 4 serving as the 
semiconductor layer but also as a support member of the electron 
emitter that constitutes the present invention. 

10 The porous polysilicon layer 4 on the n type silicon substrate 3 is 

fabricated by the following method. 

An undoped polysilicon layer having a thickness of about 1.5 fim 
is formed on a surface of the n type silicon substrate 3 by LPCVD (Low 
Pressure Chemical Vapor Deposition). 

15 A constant-current anodic oxidation treatment is conducted 

within a mixture solution in which a 50 wt% of hydrofluoric aqueous 
solution and ethanol are mixed together by 1 : 1 , with the polysilicon 
layer serving as a positive electrode and a platinum electrode provided 
separately from the polysilicon layer as a negative electrode, thereby 

20 making a part of or all of the polysilicon layer porous. 

During the anodic oxidation, a surface of the polysilicon layer is 
irradiated with light by a tungsten lamp of 500 W. This is intended to 
generate electron-hole pairs and accelerate an anodic oxidation reaction 
by irradiating the surface of the silicon substrate with the light. 

25 Finally, the porous polysilicon layer is subjected to a rapid 
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thermal oxidation (RTO) treatment at about 900°C, thereby forming an 
oxide film. 

A gold electrode thin film serving as the upper electrode 5 is 
formed on the surface of the porous polysilicon layer 4 thus treated by 
5 either evaporation or sputtering, thereby forming the electron emitter 1 
configured as shown in Fig. 1 . 

Fig. 2 depicts a configuration of another embodiment of the 
electron emitter to which the present invention can be applied. This 
electron emitter 1 1 is configured so that a lower electrode 13 is formed 

10 on a surface of a glass substrate 12, a porous polysilicon layer 14 

(semiconductor layer) is formed on the lower electrode 13, and so that a 
gold electrode thin film serving as an upper electrode 15 is formed on 
the porous polysilicon layer 14. In this case, the glass substrate serves 
as a support member for the electron emitter. 

15 As a material for the lower electrode 13 on the glass substrate 12, 

a metal such as aluminum, tungsten, gold, nickel, platinum, chromium 
or titanium, or a metal oxide such as ITO can be used. The lower 
electrode 13 is formed by either evaporation or sputtering. 

The porous polysilicon layer 14 formed above the surface of the 

20 glass substrate 12 on which the lower electrode 13 is formed is 

fabricated by the following method similarly to the electron emitter 
shown in Fig. 1 . An undoped polysilicon layer (which is transformed to 
the porous polysilicon layer 14 later) having a thickness of about 1.5 Jim 
is formed on the surface of the glass substrate 12 on which the lower 

25 electrode 13 is formed by the LPCVD. 
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A constant-current anodic oxidation treatment is conducted 
within a mixture solution in which a 50 wt% of hydrofluoric aqueous 
solution and ethanol are mixed together by 1:1, with the polysilicon 
layer serving as a positive electrode and a platinum electrode provided 
5 separately from the polysilicon layer serving as a negative electrode, 
thereby making a part of or all of the polysilicon layer porous. 
Similarly to the embodiment shown in Fig. 1 , during the anodic 
oxidation, a surface of the polysilicon layer is irradiated with light by the 
tungsten lamp of 500 W. 

10 Finally, an electrochemical oxidation (ECO) treatment is 

conducted within an about 10% dilute sulfuric acid by applying a 
constant current, with the polysilicon layer serving as the positive 
electrode and the platinum electrode serving as the negative electrode, 
thereby forming an oxide film. 

15 The gold electrode thin film 15 is formed on the surface of the 

porous polysilicon layer 14 thus treated by either evaporation or 
sputtering. A material for this electrode thin film may be metal such as 
aluminum, tungsten, nickel, platinum, chromium or titanium or a 
metal oxide such as ITO besides gold. 

20 With this ECO-based fabrication method, a process temperature 

is lower than that with the RTO-based fabrication method. Therefore, 
a restriction on available substrate materials is relaxed and the glass 
substrate can be used. Besides, the porous polysilicon layer 14 can be 
oxidized by the same wet treatment subsequent to the anodic oxidation 

25 treatment. The fabrication method can therefore simplify the process 
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as compared with the RTO-based fabrication method. 
Structure of Electron Emission Device 

Fig. 3 depicts a configuration of an electron emission device 
according to one embodiment of the present invention. Specifically, Fig. 
3 depicts the electron emission device using the electron emitter 1 
shown in Fig. 1 . 

In this embodiment, the electron emitter 1 shown in Fig. 1 is 
used. Needless to say, the electron emitter 1 may be replaced by the 
electron emitter 11 shown in Fig. 2. 

In this electron emission device 20, a counter electrode 21 is 
arranged at an opposite position to the upper electrode 5 of the electron 
emitter 1 across a space. A distance between the upper electrode 5 and 
the counter electrode 2 1 is about 1 mm. Some apparatuses using the 
electron emission device 20 can employ a member already disposed on 
the apparatus as the counter electrode 21. For example, if the electron 
emission device 20 is used for charging a photoconductor of a laser 
printer or a digital copying machine employing the electrophotography, 
the photoconductor is arranged to oppose the electron emitter. This 
photoconductor can be therefore also used as the counter electrode. 

A constant-voltage power source 22 for applying a direct current 
(DC) voltage Vps between the ohmic electrode 2a and the upper 
electrode 5, and a constant- voltage power source 23 for applying a DC 
voltage Vc between the upper electrode 5 and the counter electrode 2 1 
are connected to the respective electrodes. 

The constant- voltage power source 22, which generates an 
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internal electric field in the porous polysilicon layer 4 to thereby 
accelerate electrons, can apply a voltage of several to several tens of 
volts as Vps. The constant-voltage power source 23, which projects 
out charged particles attached onto the upper electrode 5 to the counter 
5 electrode 21, can apply a voltage of several tens to several hundreds of 
volts as Vc. The constant-voltage power source 23 is configured to 
have a variable voltage polarity, so that the polarity can be switched 
according to a property of the attached particles (whether the particles 
are positively charged or negatively charged). 

10 Alternatively, from other viewpoints, the structure of this 

electron emission device 20 can be regarded as an electron emitter 
cleaning device having a cleaning device added to the electron emitter 1. 

An operation of the electron emission device according to the 
present invention will next be described. To describe the operation of 

15 the electron emission device according to the present invention, a basic 
operation characteristic of the electron emitter, a dust attachment 
phenomenon while the emitter is used, and an attached dust cleaning 
operation will be described in this order. 
Basic Operation Characteristic of Electron Emitter 

20 Fig. 4 explains a state of driving the electron emitter 1 described 

above. Fig. 5 depicts a result of measuring a current- to- voltage 
characteristic of the electron emitter 1. As shown in Fig. 4, the counter 
electrode (collector electrode) 21 is arranged at the opposite position to 
the upper electrode 5 of the electron emitter 1. The DC voltage Vps is 

25 applied between the upper electrode 5 (serving as the positive electrode) 



23 



and the ohmic electrode (serving as the negative electrode). The DC 
voltage Vc of 100 V is applied between the counter electrode (collector 
electrode) 21 and the upper electrode 5. The electron emitter 1 is 
thereby driven. 

5 Fig. 5 depicts the result of measuring a diode current Ips carried 

between the upper electrode 5 and the lower electrode 2 and an 
emission electrode Ie carried to the counter electrode 21 by the 
electrons radiated from the upper electrode 5 and negative ions present 
in the air if the distance between the upper electrode 5 and the collector 

10 electrode 21 is 1 mm. 

In Fig. 5, a horizontal axis indicates a value of the DC voltage 
Vps applied to the electron emitter, and a vertical axis indicates a value 
of a current density in log scale. Among plotted currents, symbol ♦ 
denotes the diode current Ips and denotes the electron emission 

15 current Ie. 

According to the result of the electron emitting experiment 
shown in Fig. 5, an amount of the emitted electron current Ie of 4.5 
|JA / cm 2 is observed even in the air when the voltage Vps applied to the 
emitter is 2 1 V. Most of this current is considered to result from the 

20 electrons accelerated by the porous polysilicon layer 4, emitted while 
tunneling through the upper electrode 5, adhering to gas molecules in 
the air, and carried up to the counter electrode 2 1 in a negative ion 
state. 

The current amount of 4.5 |JA/cm 2 is a current amount 
25 applicable to charging of the photoconductor of the apparatus, e.g., a 
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laser printer or a digital copying machine, employing the 
electrophotography. Such a charging device has a configuration in 
which the counter electrode (collector electrode) 2 1 is replaced by the 
photoconductor in Fig. 4. 
5 However, if the photoconductor of the apparatus employing the 

electrophotography is to be charged by the charging device configured 
as described above, dust such as toners which axe insulating particles 
of about 7 Jim and conductive paper particles are attached to the upper 
electrode 5. 

10 As a result of conducting the electron emission experiment in an 

atmosphere in which the dust such as toners are present, it is 
confirmed that the emission current Ie is reduced substantially 
proportionally to a ratio of an area by which the dust are attached to the 
upper electrode 5. 

15 This indicates that it is necessary to eliminate the dust on the 

upper electrode 5 by some way or other so as to continuously keep the 
emission current Ie to be the initial value without reduction. 

Meanwhile, the metal thin film for forming the upper electrode 5 
of the electron emitter according to the present invention is configured 

20 to have a very small thickness of several to several tens of nanometers 
so as to be able to effectively emit electrons generated within the 
electron emitter 1. For this reason, if fine particles such as the dust 
attached onto this upper electrode 5 are to be wiped off using a contact 
type cleaning member, then the metal thin film that constitutes the 

25 upper electrode 5 may possibly be damaged or peeled off by friction and 
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stress applied while wiping off the dust. 
Attachment of Dust 

Fig. 6 schematically depicts a state when a photoconductor 
charging experiment is conducted using the electron emitter 1 in an 
5 actual photoelectric process. A result of contamination by the dust 
and the like will be described. 

The electron emitter 1 is equal in shape to that shown in Fig. 1 , 
and configured by the lower electrode 2 (the ohmic electrode 2a and the 
n type silicon substrate 3), the porous polysilicon film 4 (semiconductor 

10 layer), and the upper electrode (metal thin film) 5. 

In the electron emission device used for charging the 
photoconductor of the apparatus employing the electrophotography, a 
photoconductor 4 1 configured by an electrode substrate 42 (conductive 
material) and a photosensitive film 43 (material having high resistance 

15 in the dark) is arranged at an opposed position to the upper electrode 5 
of the electron emitter 1 . A space (external space) positioned between 
the upper electrode 5 and the photoconductor 4 1 will be referred to as 
"charged space" hereinafter. 

The distance between the upper electrode 5 of the electron 

20 emitter 1 and the photoconductor 41 is 1 mm, the DC voltage (collector 
voltage) Vc applied between the upper electrode 5 and the electrode 
substrate 42 of the photoconductor 41 is 800 V, and the DC voltage 
(emitter applied voltage) Vps applied between the upper electrode 5 and 
the ohmic electrode 2a is 20 V. Under these conditions, the 

25 photoconductor 41 is charged. 
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While this charging operation is performed, a strong electric field 
is generated in the charged space between the upper electrode 5 and the 
photoconductor 41, and electrons emitted while tunneling through the 
upper electrode 5 are efficiently carried to the photoconductor 41. 
5 Since this electron emission is performed in the air, it is considered that 
most of the emitted electrons are attached to gas molecules in the air 
and carried as negative ions. 

After repeatedly conducting this charging experiment, it is clear 
that dust are attached to the upper electrode 5 of the electron emitter 1 

10 while the charging operation is performed. As a result of analyzing the 
attached dust, they mainly consist of toners and paper particles. The 
toners have an average specific charge of about -10 to -15 Mc/g in a 
developing section and are negatively charged. However, this value is 
only an average and positively charged toners and uncharged toners are 

15 present although a probability of the presence thereof is quite low. 

Further, in the electrophotographic process, the toners are constrained 
on the developing sleeve and the photoconductor by an electrostatic 
force in the developing section and the like. However, sine this 
electrostatic force is weak, toners having low specific charge and 

20 uncharged toners tend to be entrained and some of them, though only 
slightly, float on a charging section and the other sections for carrying 
out the electrophotographic process. 

It is therefore considered that floating toners charged slightly 
positively, which enter the charged space during the charging operation, 

25 are attracted by the strong electric field present in the charged space 
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and attached onto the upper electrode 5. The same thing is true for the 
paper particles. It is considered that floating paper particles charged 
slightly positively are attracted by the strong electric field present in the 
charged space during the charging operation and attached onto the 
5 upper electrode 5. 

The dust (floating toners and paper particles) attached once onto 
the upper electrode 5 of the electron emitter 1 lose their charges with 
the passage of time. Surface resistivity of the paper changes quite 
sensitively to humidity . Since the surface resistivity of the paper is 

10 normally within a range of 10 9 to 10 13 £2, the dust lose their charges 
relatively soon. It is confirmed that the paper particles lose their 
charges within about one second in a paper particle induction charging 
experiment although the time is only a reference value. Since the 
toners are higher in resistance (insulating property) than the paper 

15 particles, it takes more time for the toners to lose their charges. 

As described above, the charge quantity of the dust attached 
onto the upper electrode 5 is made small because it is originally small 
and the dust lose their charges with the passage of time. 
Principle of Cleaning 

20 The principle of cleaning operation for cleaning dust attached 

onto the upper electrode 5 of the electron emitter 1 will be described 
with reference to the drawings. 

The voltage Vc is applied between the upper electrode 5 of the 
electron emitter 1 and the counter electrode 21. 

25 The relationship between a charge quantity qt of dust and an 



28 



image force Fi that is an adhesive force will be described. The image 
force Fi that is a force acting on the upper electrode 5 in an attraction 
direction is understood to be generated by charges of opposite polarities 
concentrating on the surface of the electrode and attracting each other 
5 when charged fine particles are attached onto the surface of the 
electrode. If the fine particles are spherical, the image force Fi is 
expressed as follows. 

«= qfl 2 (1) 

Herein, e denotes a dielectric constant and rt denotes a radius of 
10 a fine particle. 

As evident from the Equation (1), the image force Fi is 
proportional to a square of the charge quantity qt of the fine particle. 

In addition, if a positive voltage V is applied to the counter 
electrode 21 arranged to be apart from the upper electrode 5 by a 
15 distance d, an electrostatic force Fe acting on a direction in which the 
fine particles are peeled off is expressed as follows. 

Fe = qtE (2) 

Herein, E denotes an electric field generated between the upper 
electrode 5 and the counter electrode 21 and calculated as "E = V/d = 
20 Vc/d". As evident from the Equation (2), the electrostatic force Fe is 

proportional to a first power of the charge quantity qt of the fine particle. 

Fig. 7 depicts a result of calculating the relationship between the 
image force Fi and the electrostatic force Fe by the external electric field 
while assuming that a diameter (2rt) of a fine particle is 8 fim and that 
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an intensity E of the external electric field is 10 6 V/m. 

According to this calculation result, in a region in which the 
charge quantity qt is small, e.g., "qt < 7fc" [fc: femto-coulomb] (7 x 10" 15 
C), the electrostatic force Fe by the external electric field exceeds the 
5 image force Fi. This indicates that the dust can be cleaned by the 
external electric field. 

Actually, however, apart from the image force by the charge 
quantity qt, a van der Waals' force known as an attractive force between 
two molecules acts on the fine particles. Consequently, if the charge 
10 quantity qt is too small, the absolute value of the electrostatic force Fe 
for peeling off the fine particles by the external electric field is small and 
falls below the van der Waals' force Fv. As a result, the dust cannot be 
cleaned. 

On the other hand, in a region in which the charge quantity is 
15 large, the electrostatic force Fe for peeling off the fine particles by the 

external electric field falls below the image force Fi. This indicates that 

it is difficult or impossible to clean the dust by the external electric field. 

However, if the external electric field intensity E is i, then the 

electrostatic force Fe by the external electric field is increased and a line 
20 that shows the electrostatic force Fe is shifted in an upward direction in 

Fig. 7. As a result, a Fe > Fi w is satisfied, that is, the cleanable region 

can be widened. 

If the charge polarity of the fine particles is positive, then the 

electrostatic force Fe by the external electric field is equal in direction to 
25 the image force Fi and acts on the direction of the upper electrode 5. 
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The dust cannot be therefore cleaned. In this case, by setting the 
charge polarity of the fine particle negative or setting the polarity 
direction of the external electric field to an opposite direction, the dust 
can be cleaned. 
5 First Embodiment 

By way of example, it is assumed that the toners that are 
insulating fine particles each having a diameter of 8 |Lim are attached to 
the upper electrode 5. If a specific charge (charge quantity per unit 
mass) of the toners is an ordinary value of -10 |LiC/g and that a specific 
10 gravity of the toners is 1 g/cm 3 , the charge quantity qt of one toner is 
-2.68 x 10- 15 C. 

If this toner charge quantity qt is assigned to the Equation (1), 
the image force Fi is 1.0 nN. In addition, if the external electric field 
intensity is 10 6 V/m, the electrostatic force Fe by the external electric 
15 field is 2.7 nN. 

In this example, "Fi < Fe" is satisfied, i.e., the force for peeling off 
the fine particles by the external electric field is higher than the force for 
attaching the fine particles onto the upper electrode 5 by the image force. 
It is therefore possible to clean the fine particles on the upper electrode 
20 5. 

During the above-described electrophotographic process, to 
conduct the photoconductor charging experiment, the DC voltage 
(collector voltage) Vc of 100 V is applied between the upper electrode 5 of 
the electron emitter 1 onto which the dust are attached and the counter 
25 electrode 21 (at the distance d of 1 mm therebetween). 
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At this time, an electric field of 10 5 V/m is generated in the space 
between the upper electrode 5 and the counter electrode 2 1 , so that 
dust having weak negative charges are attracted toward the counter 
electrode 31 and eliminated from the electron emitter 1. 
5 Next, if the DC voltage Vps of 20 V is applied between the upper 

electrode 5 of the electron emitter 1 and the ohmic electrode 2a, 
emission of electrons from the electron emitter 1 is started. In addition, 
the fine particles 32 present on the upper electrode 5 are negatively 
charged by the emitted electrons or negative ions generated by 
10 attaching the electrons to the gas molecules. As described above, the 
initial charge polarity of the charged fine particles 32 attached onto the 
upper electrode are considered to be almost positive. However, 
irrespective of this initial polarity, the fine particles 32 are gradually 
charged negatively. 

15 While the negative charges of the fine particles 32 are increased, 

the charge quantity qt in the Equation (2) is increased and the 
electrostatic force Fe by the external electric field is increased 
accordingly (see Fig. 7). The moment a magnitude of the electrostatic 
force Fe exceeds that of the van der Waals' force Fv, the fine particles 32 

20 are attracted toward the counter electrode 31 and eliminated from the 
electron emitter 1 . 

Namely, by driving the electron emitter 1 , negatively charging 
the fine particles 32, and setting a state that satisfies "Fv < Fi < Fe* or 
"Fi < Fv < Fe" by the force of the electric field generated by the counter 

25 electrode 31, the fine particles 32 are cleaned. 
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If the fine particles exhibit very high van der Waals' force Fv and 
increasingly negatively charged without cleaning the fine particles 32, 
the image force Fi is increased this time. If the state of "Fi < Fv < Fe" is 
not present and the state turns into a state of "Fe < Fi < Fv* in the 
5 process of increasing the charge quantity qt, such fine particles cannot 
be eliminated any longer. 

Considering this, for the fine particles having the high van der 
Waals' force Fv, the external electric field intensity E may be increased. 
This is because by increasing the external electric field intensity E, the 

10 electrostatic force Fe that is the elimination force is increased with the 
image force Fi that is the adhesion force set constant. That is, by 
increasing the external electric field intensity E, the state of either "Fi < 
Fe < FV or "Fe < Fi < FV can be changed to the state in which only the 
electrostatic force Fe is increased. By thus setting the state of "Fi < Fv 

15 < Fe", the fine particles can be eliminated from the electron emitter 1. 
Conversely, if the external electric field intensity E is set extremely high, 
atmospheric discharge that is dielectric breakdown of the air occurs, 
with the result that the electron emitter 1 may possibly be broken down. 
It is therefore preferable to control the space electric field 

20 intensity E generated between the upper electrode 5 and the counter 
electrode 21 to be equal to or lower than 3 MV/m so as to avoid the 
discharge phenomenon. 

The discharge phenomenon caused by the dielectric breakdown 
is an electron avalanche (cumulative multiplication of electrons and 

25 ions in an avalanche fashion) phenomenon. While the electron 
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emitting operation is performed, the number of electrons and negative 
ions increases. Consequently, even at the electric field intensity at 
which the discharge phenomenon does not normally occur, the 
discharge phenomenon tends to occur. Namely, at a far lower electric 
5 field intensity than the electric field intensity (3 MV/m) at which the 
discharge phenomenon can be normally avoided, the discharge 
phenomenon starts. 

To meet this contradictory requirements about the electric field 
intensity, i.e., to meet a requirement that the electric field intensity be 

10 increased so as to efficiently clean the fine particles and a requirement 
the electric field intensity be lessened so as to avoid the discharge 
phenomenon, the following control is operated. 

When the electron emitter 1 is driven to negatively charge the 
fine particles attached onto the upper electrode 5, the intensity of the 

15 electric field in the external space is minimized. On the other hand, 
when the fine particles are eliminated toward the counter electrode 2 1 
by the electrostatic force, no electrons are emitted from the electron 
emitter 1 and the intensity of the electric field in the external space is 
set as high as possible. By applying the voltage to the electron emitter 

20 1 and the counter electrode 2 1 at such timings, the discharge 

phenomenon and the breakdown of the electron emitter are avoided. 

Furthermore, by applying a pulsed voltage between the upper 
electrode 5 and the counter electrode 2 1 (turning on and off the voltage 
Vc), the electric field intensity is changed in a pulsed fashion and an 

25 impact force is generated on the charged particles. It is therefore 
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possible to eliminate the fine particles from the electron emitter 1 more 
effectively. 

Moreover, since the discharge phenomenon due to the dielectric 
breakdown is the electron avalanche (cumulative multiplication of 
5 electrons and ions in an avalanche fashion) phenomenon, it takes some 
time to generate the phenomenon. If a pulse width of the applied 
voltage is set smaller than the time necessary for the avalanche, then 
the discharge phenomenon and the breakdown of the electron emitter 
can be avoided. 
10 Second Embodiment 

Fig. 8 depicts a configuration of an electron emission device 
according to another embodiment of the present invention. In this 
embodiment, an instance in which conductive fine particles 32 are 
attached onto the upper electrode 5 of the electron emitter element 1 
15 will be described. 

The electron emission device in this embodiment is equivalent in 
structure to the device configured so that the electron emitter and the 
photoconductor for the electrophotographic process are arranged to 
oppose each other as already described with reference to Fig. 6. 
20 Namely, the electron emitter 1 is equal in shape to that shown in 

Fig. 1, and configured by the lower electrode 2 (ohmic electrode 2a and n 
type silicon substrate 3), the porous polysilicon film 4 (semiconductor 
layer), and the upper electrode (metal thin film) 5. 

A counter electrode 51 is arranged at an opposite position to the 
25 upper electrode 5 of this electron emitter 1, and the DC voltage (collector 
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voltage) Vc is applied between the upper electrode 5 and the counter 
electrode 51. This counter electrode 51 is configured by a metal 
electrode 52 and an insulating layer 53. 

If the counter electrode 51 is configured only by the metal 
5 electrode as shown in Fig. 3 and conductive fine particles 32 apart from 
the upper electrode 5 of the electron emitter 1 are attached to the 
counter electrode 51 , positive charges are injected into the fine particles 
32 by induction charging. As a result, an undesirable phenomenon 
that the fine particles 32 are attracted toward the negative electrode and 
10 returned again to the upper electrode 5 occurs. 

This phenomenon will be described in more detail with reference 
to Fig. 9. If the DC voltage Vc is applied between the upper electrode 5 
and the counter electrode 31, negative charges are injected into the 
conductive fine particles 32 attached onto the upper electrode 5 by an 
15 induction charging phenomenon. The maximum quantity of charges 
injected by this induction charging is expressed by the following 
Equation (3). 

Q max = 1.654* • e • rt 1 ■ E (3) 

By way of example, it is assumed that the conductive fine 
20 particles each having a diameter of 8 jam are attached onto the upper 
electrode 5 and that the electric field intensity E is 1 MV/m. If these 
values are assigned to the Equation (3), the maximum quantity Qmax of 
charges which each of these conductive fine particles 32 obtains by the 
induction charging is "-2.9 x 10" 15 C". 
25 The electrostatic force Fe for peeling off the conductive fine 
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particles 32 toward the counter electrode 31 acts on the conductive fine 
particles 32 thus negatively charged by the induction charging by the 
space electric field E generated between the upper electrode 5 and the 
counter electrode 31. If this electrostatic force Fe exceeds the image 
5 force Fi that is the adhesive force or the van der Waals' force Fv, then the 
conductive fine particles 32 fly toward the counter electrode 31 and the 
electron emitter 1 is cleaned. 

Positive charges are then injected into the conductive fine 
particles 32 attached onto the counter electrode 3 1 by the induction 

10 charging phenomenon. As a result, the conductive fine particles 32 
attached to the counter electrode 31 are positively charged, and the 
electrostatic force Fe for peeling off the conductive fine particles 32 
toward the upper electrode 5 acts on the conductive fine particles 32 by 
the space electric field E generated between the upper electrode 5 and 

15 the counter electrode 3 1 . 

If the condition that this electrostatic force Fe exceeds the image 
force Fi that is the adhesive force by which the fine particles are 
attached to the counter electrode 3 1 or the van der Waals' force Fv is 
satisfied, the conductive fine particles 32 fly toward the upper electrode 

20 5 and returned again onto the upper electrode 5. 

As a result, the conductive fine particles 32 reciprocate between 
the upper electrode 5 and the counter electrode 31. This reciprocating 
time is determined by time for injecting charges into the fine particles 32, 
i.e., a resistance of the fine particles 32. Actually, however, fine 

25 particles 32 having various resistances are attached onto the upper 
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electrode 5. It is therefore difficult to control the timing of turning off 
the voltage Vc, attract the fine particles 32 toward the counter electrode 
5, and clean the electron emitter 1. 

As shown in Fig. 8, if the surface of the counter electrode 31 is 
5 covered with the insulating layer, by contrast, it is possible to prevent 
injection of positive charges from the upper electrode 5 by the induction 
charging and, therefore, prevent the fine particles 32 from returning to 
the electron emitter 1. 

If the electron emitter 1 is applied to the charging of the 

10 photoconductor for the electrophotographic process, then the 

photoconductor exhibits insulating property in the dark and the 
counter electrode 3 1 bas therefore a two-layer structure of the metal 
electrode and the insulating layer. Consequently, it is possible to 
prevent the fine particles 32 from returning to the electron emitter 1 and 

15 clean the electron emitter 1. 

If the fine particles attached to the upper electrode 5 are 
insulating fine particles similarly to the toner particles in the first 
embodiment, then it is necessary to drive the electron emitter 1 to 
negatively charge the fine particles, apply a positive voltage to the 

20 counter electrode 5 1 , and clean the electron emitter 1 by the 

electrostatic force Fe. If the attached fine particles are conductive as 
described in this embodiment, charges can be injected into the fine 
particles by the induction charging. Therefore, it is not always 
necessary to drive the electron emitter L. 

25 If the conductive fine particles are cleaned as described in this 



38 



embodiment, the voltage applied to the counter electrode 51 may be 
either the positive voltage or the negative voltage. Namely, if the 
positive voltage is applied to the counter electrode 51, then negative 
charges are injected into the conductive fine particles, and the 
5 conductive fine particles are attracted toward the positive counter 
electrode 51 by the electrostatic force Fe. If the negative voltage is 
applied to the counter electrode 51., then positive charges are injected 
into the conductive fine particles, and the conductive fine particles are 
attracted toward the negative counter electrode by the electrostatic force 

10 Fe. It is noted however that it is necessary to provide the insulating 
layer 53 on the counter electrode 51 so as to prevent the conductive fine 
particles 32 moved toward the counter electrode 5 1 from returning to 
the electron emitter 1. 

If the surface of the counter electrode 51 is formed from a 

15 semiconductive or insulating material, it is possible to prevent the 
conductive fine particles by the induction charging on the counter 
electrode 51 from returning to the electron emitter 1. However, if the 
electron emitter 1 is driven to operate, the counter electrode 5 1 is 
negatively charged up. Consequently, the electric field intensity in the 

20 external space is lessened, so that the insulating or conductive fine 
particles attached to the surface of the upper electrode 5 cannot be 
eliminated. To relax this unfavorable phenomenon as much as 
possible, the voltages Vps and Vc are controlled as follows. 

When the electron emitter 1 is driven (the voltage Vps of 20 V is 

25 applied) so as to charge the fine particles attached to the surface of the 
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upper electrode 5, a strong positive potential is not applied to the 
counter electrode 51 (Vc = 100 V), thereby preventing the surface of the 
counter electrode 5 from being negatively charged as much as possible. 
When the fine particles attached to the surface of the upper 
5 electrode 5 is eliminated, a strong positive voltage is applied to the 

counter electrode 51 (Vc = 1000 V) so as to prevent the electron emitter 
1 from further operating, thereby preventing the surface of the counter 
electrode 5 from being negatively charged up. As a result of controlling 
the driving of the electron emitter 1 and the electric field in the external 

10 space at such timings, it is possible to apply the electric field intensity 
necessary to eliminate the insulating or conductive fine particles and 
thus efficiently eliminate the fine particles. 

As described above, by driving the electron emitter 1 to operate, 
the fine particles can be negatively charged. Therefore, the 

15 relationship of "Fi < Fe" can be satisfied for the fine particles having 
strong positive charges, weak positive charges, no charges, or weak 
negative charges, and the fine particles can be thereby eliminated. 
However, if the insulating fine particles having quite strong negative 
charges are attached onto the upper electrode 5, then the image force Fi 

20 exceeds the electrostatic force Fe for cleaning as shown in Fig. 7, and 
the fine particles cannot be eliminated by the electrostatic force. 

During the electrophotographic process, a floating ratio of the 
fine particles having weak positive charges, no positive charges, or weak 
negative charges is high. In addition, there is a high probability that 

25 the fine particles having positive charges by the electric field in the 
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external space by the DC voltage Vc in a charging operation are 
attached onto the upper electrode 5. 

In a non-charging operation, the electric field in the external 
space is eliminated, so that the insulating fine particles having strong 
5 negative charges and present with low probability may possibly be 
attached onto the upper electrode 5. 

Therefore, even in the non-charging operation in which the 
voltage Vps is turned off, the low voltage Vc is applied and set so that 
the upper electrode 5 serves as the negative electrode. It is thereby 
10 possible to prevent the insulating fine particles having strong negative 
charges from being attached onto the upper electrode 5 and to extend 
the life of the electron emitter 1 . Since no current is carried at the time 
of applying the low DC voltage, power loss hardly occurs. 

The electron emission device using the porous polysilicon layer 
15 has been described so far. However, the present invention is not 

limited to the electron emitter using the porous polysilicon layer that 
serves as an electron acceleration layer but is also applicable to a 
surface emission type electron emitter such as MIM or MIS electron 
emitter. 

20 As described in the embodiments, the electron emission device 

of the present invention is also applicable to an instance of using the (n 
type) silicon substrate and to an instance of using the glass substrate. 
Accordingly, the type of the substrate may be determined according to 
the purpose of the device or in light of the following merits and demerits 

25 of the substrate to be used. 
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If the (n type) silicon substrate is used, the silicon substrate is 
superior to the glass substrate in smoothness and material affinity, and 
a semiconductor film can be formed on the substrate more easily. In 
addition, the silicon substrate has excellent heat resistance, various 
5 heat treatments such as thermal oxidation can be conducted. However, 
material cost is comparatively high, so that it is difficult to apply the 
silicon substrate to a large-sized substrate. 

If the glass substrate is used, material cost is lower than that of 
the silicon substrate and the glass substrate can be applied to the 
10 large-sized substrate more easily than the silicon substrate. However, 
the glass substrate is inferior to the silicon substrate in heat resistance, 
so that various heat treatments such as thermal oxidation are 
restricted. 

The electron emission device according to the present invention 
15 can clean the fine particles on the metal thin film on the surface of the 
upper electrode of the electron emitter in a non-contact manner. It is 
therefore possible to solve the problems of the damage and peel-off of 
the metal thin film due to the friction or stress, as compared with the 
apparatus that performs contact cleaning. 
20 Further, by controlling the applied voltages to be changed 

between the operation of charging the fine particles attached to the 
electron emitter and the operation of causing the fine particles to fly, it 
is possible to avoid the dielectric breakdown in the air caused by the 
discharge which breakdown occurs if the device operates in the air, and 
25 avoid the breakdown of the electron emitter by the discharge. By 
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setting the charging electric field intensity to be equal to or lower than 3 
MV/m, in particular, the discharge can be effectively prevented. 

Further, by controlling the voltage applied to separate the fine 
particles attached to the electron emitter from the electron emitter to be 
5 applied as the pulsed voltage, the attached fine particles can be 
effectively eliminated. 

By forming the surface of the counter electrode from the 
semiconductive or insulating material, it is possible to prevent positive 
charges from being injected into the conductive or semiconductive fine 

10 particles moved toward the counter electrode. It is therefore possible 
to prevent the phenomenon that the fine particles attracted once from 
the surface of the electron emitter toward the counter electrode are 
moved again to the surface of the electron emitter. 

If the surface of the counter electrode is formed from the 

15 semiconductive or insulating material, the high voltage is not applied 
between the upper electrode and the counter electrode while the 
electron emitter operates. If a high positive voltage is applied to the 
counter electrode to cause the charged fine particles attached on the 
surface of the emitter to fly toward the positive electrode side, the 

20 electron emitter is not driven to operate. It is thereby possible to 

prevent charge up the counter electrode. Accordingly, it is possible to 
prevent the electric field between the upper electrode and the counter 
electrode from being lessened and prevent the fine particle elimination 
effect from weakening. 

25 By making the polarity of the voltage between the upper 
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electrode and the counter electrode arbitrarily settable, the fine 
particles can be eliminated from the electron emitter irrespective of the 
charge polarity of the fine particles (whether the fine particles are 
positively charged or negatively charged). 

By employing, as the semiconductor layer, the porous silicon 
semiconductor layer obtained by making part of the poly silicon layer 
porous, thermal stability of the electron emitter is improved and stable 
electron emitting operation can be ensured. 

Additionally, by applying the voltage so that the upper electrode 
on the surface of the electron emitter is negative relative to the counter 
electrode even in the non-charging operation in which the DC voltage 
Vps to be applied between the upper electrode and the lower electrode is 
turned off, it is possible to prevent the insulating fine particles having 
strong negative charges, which are difficult to clean, from being 
attached to the surface of the electron emitter. The long life of the 
electron emitter can be thereby ensured. 
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